This research note presents data on the replication of a carefully planned intervention to increase
INTRODUCTION
The scientific and engineering challenges facing the world are becoming increasingly complex and global, with issues ranging from energy and environmental sustainability to assuring safe and available foodstuffs for current and future generations. Policy reviews have highlighted the need for a strong science, technology, engineering, and mathematics (STEM) workforce to meet these challenges, calling for prolonged efforts to recruit and retain the best and brightest students, scientists, and engineers who represent all sectors of society (e.g., National Academy of Sciences, 2005) .
Data indicate that the failure to tap the potential pool of STEM talent may be especially acute within academia. Even though women are earning an increasing proportion of ad-vanced STEM degrees, their representation on university faculties has not shown a similar rise. For example, while women currently earn 30% of the PhD degrees in chemistry, only 15% of the chemistry faculty at the top fifty most research active universities are women (Nelson, 2007; Raber, 2007) . In materials science and engineering (MSE), 13% of the university faculty are women, while 26% of the PhD and 28% of the BS degrees are granted to women (Nelson, 2007) . In physics, women occupy only 9.5% of the faculty positions across all ranks at the major research universities (American Institute of Physics, Academic Workforce Survey, 2006) .
There are many factors believed to play a role in these disproportionate patterns of representation (Stockard et al., 2008; Goldin and Rouse, 2000; Hall, 2008; Handelsman et al., 2005; Kulis and Sicotte, 2002; Lawler, 1999 ; National Academy of Sciences, 2007 ; Rossiter, 2000 ; National Academy of Sciences, 2006 ; Sonnert and Holton, 1995; Trix and Psenka, 2003; Valian, 1998) . A central theme, however, has been recognition of the role of departmental leaders in promoting (or forestalling) change.
Based on this research, several federal agencies supported a workshop for department heads in academic chemistry departments in January 2006 to address the under-representation of women. The workshop was designed (1) to make department leaders aware of the low representation of women in their respective fields and of research regarding why this occurs, (2) to motivate department leaders to work for change in their units, (3) to develop a series of strategies and goals to increase the recruitment and retention of women faculty in their departments and institutions, and (4) to obtain a commitment from departmental leaders that they would work to implement these goals and strategies. Our evaluation of this workshop, previously published in JWMSE (Stockard et al., 2008) , found that the experience increased the awareness of the chairs to the barriers that women chemists face in academia and the chairs' commitment to facilitating change.
Based in part on this success, the federal agencies sponsored replications of the workshop for chairs of academic departments in two other STEM areas: physics, in 2007, and materials science and engineering (MSE), in 2008. This research note examines these replications, focusing on changes in attitudes and views from before attending to after attending the workshop and comparing the results to those obtained with chemistry heads. We examine whether there were changes in the chairs' attitudes toward the challenges that women scientists face and whether the workshop was equally effective for each group. Because the content of the workshop was similar for each group, it could be expected that similar changes would be found for participants at all three events. However, as explained more fully below, there were slight differences between the workshops involving the extent to which participants publicly acknowledged issues regarding gender inequities, ranging from simply noting the findings presented in the sessions (MSE workshop), to developing recommendations based on the session content (physics and chemistry workshops) and adopting goals for the coming years (chemistry). Building on the general tenets of cognitive dissonance theory, which suggests that people will alter their beliefs and attitudes to reduce "dissonance" or inconsistencies (Fetsinger, 1957) and the notion that attitude change follows behaviors (such as the public stating of goals), it could be predicted that there would be greater changes for the chemistry chairs, who had the most overt and public behaviors acknowledging the need for change.
In addition, there are differences between the three disciplines in culture, history, and the representation of women. Chemistry and physics are well-established disciplines in the sciences that have had a long history of low female representation. However, physics has historically had fewer women than chemistry at the undergraduate, graduate, and faculty levels, and this could impact the results, perhaps leading to less awareness of gender issues, at least initially. Observations and anecdotal evidence indicate that the chemistry community has recently been very active in promoting gender issues, with more visibility given to the topic than in other physical science disciplines, which may also impact our findings. In contrast to physics and chemistry, materials science is a relative newcomer to the academic world. It was initially populated largely by engineers but in recent years, has also attracted chemists and physicists interested in "molecular architecture." Given its relatively recent emergence in academe as well as its more interdisciplinary population of scholars, participants might be more receptive than those in other areas to the possibility of change. On the other hand, in trying to establish recognition and acceptance as a discipline, they could be less receptive to change and appearing to "rock the boat."
Clearly, given the paucity of research in this area, our analyses were, by necessity, exploratory in nature. Even so, we believe that this research is important. As explained more fully in our previous article (Stockard et al., 2008) , interventions that produce significant changes in views regarding diversity and discrimination are relatively rare. In addition, replications are a central element of attempts to establish causality (Shadish et al., 2002) . The work that we report here is the only study of which we are aware that examines attempts to influence the views of leaders in academic STEM departments across three different settings.
MeThODOlOgy

Procedures and Sample
All workshops were held in the Washington, DC, area and were funded by the federal funding agencies (National Science Foundation, National Institutes of Health, and the Department of Energy and Basic Energy Sciences) that are the primary source of funding for research in the three areas. Each workshop began with an evening opening gathering, followed by sessions over the next day and a half. A steering committee for each of the workshops was involved in the planning and implementation of the workshop program. These steering committees consisted of representatives from the respective fields who also attended the workshop for their field. Representatives of the sponsoring federal agencies were also in attendance.
Details about the workshops, including the full agendas, final report, and speakers, can be found on their respective websites. Many of the topics covered at the three workshops were similar, following the model that was originally developed for the first workshop held for chemistry chairs and described more fully in our earlier article (Stockard et al., 2008) . All workshops consisted of six sessions with similar or related content. Each session consisted of a mix of invited speakers, panel discussions, and breakout sessions.
The participants in this study were the science and engineering departmental leaders who were invited to attend the three workshops. The departments and labs ranked most highly in research funding were targeted for invitations for participation. This decision was prompted by the funding agencies, who wanted to target efforts on schools that produced the largest number of graduate students in the fields. Organizers reported that from about two-thirds (material sciences) to over 90% (chemistry) of those who were invited actually attended and that they could discern no pattern of differences between those who attended and those who did not attend the workshop. All participants' travel and lodging expenses were covered by the federal agencies. Data were available from thirty-six participants in the chemistry workshop, thirty-three participants in the physics workshop, and twenty-eight in the MSE workshop.
The common themes discussed in each session of the workshops included the current gender demographics in each field, the presence and impact of gender bias in the workplace and review process, work-life balance issues, the impact of childbearing on career advancement, and challenges and opportunities for departments and institutions in their quest to achieve gender equity. The chemistry and physics workshops had a session on challenges and opportunities for funding agencies in promoting gender equity. For the MSE workshop, this session was replaced with a discussion of current best practices in industry, national laboratories, and universities. The physics workshop had a session on training the next generation of physicists.
All workshops had a theatre group provide an interactive sketch that exemplified the problems that women face in their education and career advancement in science and engineering fields. In the physics and chemistry workshops, participants in the breakout sessions were given the task of developing recommendations for policies that could be adopted by institutions to achieve the workshop goals. For the MSE workshop, breakout session participants developed a series of findings related to the topic of the session. All breakout sessions were followed by participants reporting the recommendations and findings to the full meeting, including a final summary at the conclusion of the meeting. For the chemistry workshop, chairs adopted a series of goals for department chairs and institutions to try to reach in the coming years. Chairs were asked to choose two specific goals that they would commit to on the workshop website and to report progress on these goals over the course of the following year. Reports summarizing the workshops and the recommendations generated were completed for all three meetings and are posted on the respective websites.
Measures
Attendees were required to complete a questionnaire that examined their attitudes and perceptions regarding women's representation in their respective fields before attending the workshop and were also asked to complete a questionnaire on the same topics after the conference was over and they had returned to their home institutions. The questions involved their views about women's representation in academic departments and addressed issues covered in the workshop sessions. One set of questions asked about issues regarding attracting women job applicants, another asked about hiring women into their departments, and the third involved factors that affect women's careers. The questions were reviewed by an expert panel composed of steering committee members for the chemistry workshop. All of the panel members had extensive experience and knowledge of issues regarding gender equity in the sciences.
The questions about issues that affected their department's ability to attract, or recruit, women applicants asked attendees to use a four-point scale, ranging from "not difficult" to "major difficulty," to indicate the difficulty of each of the follow factors: (1) lack of mentoring of potential women faculty or scientists, (2) uncertainty about employment for spouse/ partner, (3) unwelcoming department/lab environment, (4) concerns of candidate for having both family and successful career, and (5) few successful women in the unit.
The question regarding hiring was phrased: "To what degree have the following factors limited your ability to hire women in your department in the last five years?" The issues included both those that could be seen as out of the control of a department or institution ("Too few female applicants for advertised faculty positions" and "Female candidates are in such high demand, we have lost them to other institutions"), those that were within their control or purview ("Not enough financial support from the higher levels of administration for making a competitive offer to the women candidates" and "Inability to provide employment for spouse/ partner"), and those that directly involved issues of departmental climate and discrimination ("Lack of commitment of department faculty members to increase the number of women faculty" and "Some current faculty members are opposed to hiring women faculty"). Responses were given on a four-point scale ranging from "not a limitation" (1) to "serious limitation" (4).
Finally, the questions regarding effects on women's careers asked about eleven factors that could affect women's career progress and were related to the issues of bias and prejudice discussed in the workshop. These questions were phrased: "In your view, how important are the following issues in slowing the career progress of women chemistry faculty at research universities relative to their male peers?" The issues included in the list ranged from those that could be seen as related to women's own behaviors and career approaches ("women do less self-promoting and marketing of themselves than men," "balancing professional and family obligations,") to those that could reflect either their own actions or discrimination by their departments and the profession ( "lack of success in obtaining funding," "inability to compete for graduate students"), to those that more clearly reflect discrimination and prejudice by departments ("few female colleagues," "women getting heavier teaching and/or service responsibilities," "unwelcoming departmental climate," and "women being excluded from important departmental and institutional decisions") or by the profession as a whole ("women having less opportunities to be mentored by top chemists," "gender discrimination in the peer review process of papers and grants," and "subtle biases against women that accumulate over the years"). Responses were given on a five-point scale ranging from "not an issue" (1) to "very important" (5).
Analysis
Two-way repeated measures analyses of variance were used to analyze the data. This procedure is superior to a series of paired t-tests because it allows us to use one statistical procedure, rather than three, to examine changes in views over time in the three fields. Responses given before and after the workshop were treated as a repeated measure, and the field of science (chemistry, physics, and material science) was treated as a factor. This allowed us to examine the extent to which responses varied from before to after the workshop (the repeated measure), between department chairs from the three disciplines (effect of field), and also if the difference across time varied across the three disciplines (an interaction effect). Following conventions in the social sciences, a conservative probability level of 0.10 was used to flag interaction effects as significant, while the 0.05 level was used for main effects.
As noted above, we expected that all participants would be more aware of gender biases after attending the workshop. Given differences in the workshop proceedings as well as differences between the three fields in the representation of women and disciplinary culture, we also expected that there might be differences in the level of awareness between the three fields and differences in the amount of change from pre-to postworkshop. Again, however, it should be emphasized that our analyses were exploratory in nature.
ReSUlTS
There were significant differences between the fields in their reports of the percentage of their faculty that were women. All of the department leaders reported that women were most often found in non-tenure-track positions, followed by the rank of assistant professor. In all areas the fewest women were at the rank of full. However, women were significantly more likely to be in the MSE departments (reporting an average of 31.9% of their faculty/staffs, including nontenure track, being women) than in chemistry departments (reporting an average representation of 18.0% women) or physics departments (with 11.6% women). Analysis of variance indicated that these differences were statistically significant (F = 29.l4, p < 0.001), and post-hoc tests confirmed that each pair of comparisons was also significantly different. Table 1 reports results regarding perceptions of the chairs on five issues that are commonly noted for difficulty in attracting women as candidates for faculty positions. The mean values for the preworkshop survey (pretest) are given in the left-hand columns of the table, and the mean values for the postworkshop survey (post-test) are in the middle columns. The probability values derived from the analyses of variance are given in the last set of columns. The probability values associated with "change" examine the hypothesis that responses differed from pretest to post-test (equivalent to results from a paired t-test), those associated with "field" examine the hypothesis that responses differed between the three fields (as in a factor analysis), and those associated with "interaction" examine the hypothesis that pre-post differences vary from one field to another or, alternatively, that field differences varied from pretest to post-test. In all cases, the null hypothesis was that there was no difference. Significant differences, that is, results that would lead us to reject these null hypotheses, are in boldface.
Attracting Women Candidates for Faculty Positions
For two items there were significant differences in the preworkshop and postworkshop responses that were similar across the three fields: (1) lack of mentoring of potential women faculty and (2) uncertainty about employment for spouse or partner. In both cases, the chairs in all three areas viewed the issues as more difficult after the workshop than they did before the workshop. One item (no. 3 regarding an unwelcoming environment) had a significant interaction, indicating different changes across the fields. Department chairs in chemistry and MSE viewed unwelcoming department and lab environments as a greater challenge for attracting women candidates after the workshop than before the workshop. In contrast, the workshop experience led physics chairs to view this as less of an obstacle. For one item there was a significant difference between disciplines, but no pretest-post-test difference. This was item no. 4 regarding the candidate's concerns for having both a family and a successful career. In this case, the chemistry chairs viewed this issue as more of contributing factor to the difficulty in attracting women candidates than the physics chairs. There were no significant differences across disciplines or over time for the fifth item regarding few successful women in the unit contributing to the difficulty in attracting women candidates. Table 2 gives the responses to the question regarding factors that have limited their departments' ability to hire women in the last five years. For five of the six items department chairs viewed the issue as a significantly greater limitation after the workshop than before the workshop. For four items the change in perceptions occurred in a similar manner across all three disciplines, with respondents seeing the issues as a more serious limitation at post-test: (2) women are in such demand they are lost to other institutions; (3) there is a lack of commitment of faculty to hiring women, (4) some faculty are opposed to hiring women, and item (6) an inability to find spousal employment. There was a significant interaction for one item, (5) not having enough financial support from the higher administration for a competitive offer. The chemistry chairs saw the issue as more serious after the workshop, while the MSE chairs saw it as less important and there was little change for the physics chairs. Finally, Notes: The scale ranged from 1 = not difficult to 4 = major difficulty. All significant differences are bolded. The p-values for the "change" column indicate whether or not there was significant change from pretest to post-test. The "field" column indicates significant differences across the discipline (chemistry, material sciences, or physics). The "interaction" column indicates if there was a significant difference in the change from pre-to post-test across the discipline. there was one item where there were significant differences by discipline but no significant differences from pretest to post-test: (1) too few applicants for the position. This was viewed as a greater limit by both the chemistry and physics chairs than by the material sciences chairs, a perception that matches the different representation of women in their departments as reported above. Table 3 reports the chairs' views of barriers that slow the progress of women's careers. Of the eleven items, there were significant changes from before the workshop to after the workshop in nine items, and in all cases the chairs saw the nine issues as more important barriers after the workshop experience. The only items for which there was no change in their views from before to after the workshop were the ones that they also recorded as being the biggest limitation on women's career progress: (1) having few female colleagues and (2) balancing professional and family obligations. For four items the pattern of change was similar across the three disciplines: (6) women do less self-promoting than men, (9) women's inability to compete for the best graduate students, (10) women being excluded from decisions, and (11) gender discrimination in the peer review process. Interaction effects appeared with five of the items (using the conservative level of 0.10 as indicating significance): (3) women having heavier teaching and/or service responsibilities, (4) an unwelcoming departmental climate, (5) fewer mentoring opportunities, (7) subtle biases that accumulate over the years, and (8) lack of success in getting funding. In all cases the change over time was greater for the chemistry chairs than for the chairs in other departments. In most cases the other chairs also saw the issues as more problematic at post-test, but the change was not as great.
hiring Women Faculty
Barriers to Women's Career Progress
SUMMARy AND DISCUSSION
The findings discussed above indicate significant changes in attitudes regarding factors that affect recruitment, hiring, and the career progress of women for participants from all three fields after attending the workshop, although patterns differed somewhat from one discipline to another. With respect to recruitment of, or attracting, women candidates, after attending the workshop the chairs in all three areas were significantly more likely to see lack of mentoring and issues with spousal employment as factors that make attracting candidates more difficult. Chemistry and MSE chairs also saw an unwelcoming environment as more of a challenge after the workshop. With respect to hiring, compared to their preworkshop responses, the chairs in all three disciplines were significantly more likely to cite the demand for women at other institutions, a lack of commitment and opposition of their faculty to hiring women, and an inability to find spousal employment as factors that limited their ability to hire women. In addition, the chemistry chairs, but not those in other disciplines, saw lack of financial support from higher administration for a competitive offer as more of an issue in affecting hiring. When asked about barriers to women's careers, the chairs were significantly more likely to see most of the issues listed as a more serious limitation at post-test but, again, when differences between the fields appeared, changes from preworkshop to postworkshop were strongest for the chemistry chairs. The social science literature routinely notes that replications of studies are extremely important in advancing our cumulative knowledge base, but are, unfortunately, relatively rare (Lindsay and Ehrenberg, 1993) . In addition, as we noted previously (Stockard et al., 2008) , examples of interventions that significantly alter attitudes toward issues regarding diversity and inequality are uncommon. Our results, which largely replicate the findings reported in our original analysis of one workshop, thus provide important additional evidence regarding the potential utility and strength of this intervention.
Of the twenty-two comparisons that were described above, seventeen (three quarters of the total) involved statistically significant changes from preworkshop to postworkshop, markedly greater than the number of significant changes that would be expected by chance. In ten of these comparisons, similar changes occurred from pretest to post-test for attendees in each of the three fields, while in seven comparisons the nature of changes varied somewhat from one field to another. In almost all cases, however, the chairs reported being more aware of limitations and barriers to hiring and women's career progress after the workshops, including areas such as a lack of commitment on the part of other faculty to hiring women and inequities in involvement in decision making, assignments of students, availability of mentors, and the peer review process. Changes were slightly more likely to occur with attitudes regarding limitations to hiring (five out of six results significant) and barriers to women's career progress (nine out of eleven significant) than with the questions regarding difficulties in recruiting or attracting candidates (three out of five significant). In other words, the workshop did not seem to change the chairs' views regarding how difficult it was to get women to apply for positions as much as it changed their views regarding factors related to hiring and women's career progress. We suspect that there may be somewhat less research available about factors that contribute to making recruiting of women faculty difficult. In reviewing the content of the workshops, this topic was addressed less than the others, yet observers suggest that the number of women applicants in these fields is often quite low.
There were some cases (seven out of twenty-two) where the pattern of changes varied from one field to another. In all of these cases the changes were stronger for the participants in the chemistry workshop than those at the other workshops. We are unsure why these differences appeared but offer two speculations that could be examined in further research. It is possible that the participants in the chemistry workshop might have been primed for participation and change by other events happening in their discipline, such as the demographics of their undergraduate and graduate student populations. Currently the participating chemistry departments have achieved gender parity at the BS level, and nearly 30% of the PhD students are female. In contrast, for MSE and physics the numbers are far below parity at the BS level (28% and 20%, respectively) and even lower for the PhD level (26% and 10%, respectively). Hence there has been considerable dialogue in recent years in chemistry about what factors contribute to such a "leaky pipeline" for women chemistry from gender parity at the BS level to 15% at the faculty level at the top fifty research universities (Raber, 2007; Nelson, 2007) .
A second possible explanation, anticipated above, may involve the content of the workshops. As described above, the activities at the end of their workshop varied slightly, from simply summarizing the workshop content (MSE chairs), to making recommendations based on the content (chemistry and physics chairs), to developing a series of goals for the coming years (chemistry chairs). As expected, based on the tenets of cognitive dissonance theory, the greatest changes over time occurred for the chemistry chairs, and it is possible that that this public commitment could have fostered attitude change. Notably, there was no discernable pattern of differences between the MSE and physics chairs, suggesting that it was the stating of goals and not just the development of recommendations that might have been most important.
There were only five items for which there were no significant differences from preworkshop to postworkshop: concerns about combining family and career as a barrier to attracting women candidates and as a barrier to women's career progress, having few women in the unit as a barrier to attracting candidates and women's career progress, and too few applicants as a barrier to hiring. It could be argued that these items reflect areas where one would expect less change. Average responses to all of these items were consistently high.
Hence the presentations may have been reinforcing opinions, and there was less room for change over time. Second, the workshop was oriented toward helping decision makers see ways in which departmental and university practices could be altered to increase women's representation, and they did not focus as much on issues regarding broader societal issues that affect the current representation-or lack thereof-of women in the departments, and these broader issues are, arguably, related to areas covered in these items.
To summarize, the results of this research replicated our previous conclusions (Stockard et al., 2008) regarding the extent to which a workshop held over a few days could result in changing views regarding gender equity. Such replication is noteworthy, both because of the rarity of replications in the field in general as well as the rarity of interventions regarding diversity and discrimination that have been shown to be successful. The fact that these significant changes occurred in three different settings with representatives of three different, although related, disciplines lends further credence to the results.
Further research should, of course, examine the extent to which these differences persist over a longer period of time as well as the extent to which they are related to changes in practice within the respective fields. Additional research should examine the efficacy of these workshops in other settings and with other fields, as well as the extent to which the format might be used with other issues. Finally the impact of varying workshop content and, especially, the extent to which the development of goals and stated commitment to these goals can influence attitude change would be important to study.
